Abstract: Rising life expectancy in low-and middle-income countries (LMIC), coupled with the increasing burden of non-communicable diseases, accentuates the importance of generating information to support public health strategies. With this aim in mind, the purpose of this study was to identify correlates of physical activity and sedentary behavior in LMIC. We analyzed Wave 1 data (collected 2007-2010) from the World Health Organization's longitudinal Study on global AGEing and adult health (SAGE), which focuses on nationally representative samples of adults aged 50 years and older from six countries (China, n = 13,157; India, n = 6560; Mexico, n = 2301; Russian Federation, n = 3763; South Africa, n = 3836; and Ghana, n = 4305). Associations of physical activity (operationalized as meeting physical activity guidelines of ≥150 min/week of moderate-to-vigorous physical activity or not) and sedentary behavior (≥4 h/day versus <4 h/day) with demographic, health and health risk, functional, interpersonal, and environmental factors were assessed using multivariate logistic models. Across the six countries, we found fairly consistent and reasonably strong associations between both physical activity and sedentary behavior and several demographic factors (age and employment, in particular), self-reported health, instrumental activities of daily living, factors relating to socializing, and household location. Correlates of physical activity and sedentary behavior in LMIC appear to be similar to those found in high-income countries.
Introduction
Non-communicable disease age-standardized death rates in low-and middle-income countries (LMIC; 756 per 100,000 for men and 565 per 100,000 for women in 2008) exceed those of high-income countries (65% and 85% higher for men and women, respectively) [1] . The negative effects of globalization, rapid unplanned urbanization, and increases in sedentary living mean that the burden of non-communicable diseases in these countries will probably grow at an increasingly faster pace [1] . These trends underpin the importance of global targets for the prevention and control of non-communicable diseases, such as a 10% relative reduction in the prevalence of insufficient physical activity [2] . Analysis of self-reported data from 51 mainly LMIC has shown that one-fifth of adults aged 50-59 (men: 17.1%; women: 21.3%) and a quarter of those aged 60-69 (men: 22.3%; women: 28.6%) could be classified as physically inactive [3] . Knowledge of the correlates of physical activity and sedentary behavior in older adults living in LMIC could assist with the implementation of initiatives to increase physical activity and reduce sedentary behavior in these countries.
Demographic and biological correlates of physical activity in LMIC (most studies have been conducted in Brazil and China) are consistent with those found in high-income countries [4] . In LMIC, males and younger people tend to be more active than females and older adults, respectively [4, 5] . Evidence is equivocal on the relationship between wealth and physical activity, with some studies (mainly from Brazil and China) showing the wealthier are more active [4] , whereas a recent study from Bangladesh showed that people regarding themselves as poor were more active than those classifying themselves as rich [5] . Those with greater social support are also likely to be physically active [4, 6] . Environmental correlates of physical activity include urbanicity (those living in rural areas tend to be more active) [5, 7] , ownership of various household devices (inverse association with television, car, and computer ownership) [8, 9] , and the built environment (e.g., density of bus stations and access to bike paths) [10] . Studies focusing on older adults in a broader number of LMIC are still needed.
Much less is known about the correlates of sedentary behavior in LMIC. In one Chinese study involving adults aged 30-79 with no history of major disease, sedentary leisure time was positively associated with body mass index (BMI) values, waist circumference, and body fat, after controlling for age, study area, education, and annual household income [11] . These findings are largely consistent with those found in (mainly) high-income countries [12] . Evidence is limited, however. More research is warranted to explore the correlates of sedentary behavior in LMIC.
With increasing life expectancy in LMIC [13] , attention needs to be paid to the health and well-being of growing populations of older adults. A greater understanding of the correlates of physical activity and sedentary behavior in LMIC may assist in designing interventions for specific subpopulations in these countries. To this end, we investigated the correlates of physical activity and sedentary behavior in adults aged 50 and older from six LMIC (China, India, Mexico, Russian Federation, South Africa, and Ghana). Specifically, we assessed the extent to which physical activity and sedentary behavior were associated with demographic, health and health-risk, functional, interpersonal, and environmental factors.
Materials and Methods

Design
Wave 1 data from the World Health Organization's (WHO) longitudinal Study on global AGEing and adult health (SAGE) were used for this secondary cross-sectional analysis. SAGE uses multistage cluster sampling strategies in the collection of data from nationally-representative samples of adults aged 50 years and older from six countries (China, India, Mexico, Russian Federation, South Africa, and Ghana), as well as smaller, comparative samples of adults aged 18-49 [14] . The six countries provide a diverse representation of geographic regions, levels of economic development, and stages in demographic and health transitions, as well as including the two countries with the highest populations in the world. These six countries were classified as LMIC when data collection commenced in 2007 [15] . Details on the study methods have been published [14, 16] . Briefly, each household was allocated to one of two mutually exclusive categories: (1) 50+ households and (2) 18-49 households. Face-to-face interviews were conducted from 2007 to 2010. For each household, one household questionnaire was completed, and all persons aged 50 and over were invited to participate in individual interviews. In all countries, a standardized instrument, methods, interviewer training, and translation protocols were used. The World Health Survey team led the translation of the instrument, based on WHO guidelines (refer to http://www.who.int/substance_abuse/research_tools/translation/en/ [17] ). This method involves forward translation, expert panel back-translation, pretesting and cognitive interviewing, and the development of a final version. SAGE received approval from the WHO Ethical Review Committee and the respective committees in each participating country. Written informed consent was obtained from all study participants. The SAGE dataset is publicly available upon request (http://www.who.int/healthinfo/sage/en/ [18] ).
For our analysis, data from the 50+ households were used. The overall sample sizes were 13,157 for China, 6560 for India, 2301 for Mexico, 3763 for Russian Federation, 3836 for South Africa, and 4305 for Ghana. Response rates were high in China (92% for adults aged 50-59 and 93% for those aged 60 and older), India (90%, 85%), Russian Federation (80%, 84%), South Africa (76%, 80%), and Ghana (76%, 80%), and lower in Mexico (42%, 55%) [14] . Potential correlates of physical activity or sedentary behavior, based on research literature or reason, were selected from the SAGE dataset. Consistent with previous work on the correlates of physical activity and sedentary behavior [4, 12, 19] , we used an ecological framework to group the factors. Such frameworks position the individual within an ecosystem, depicting interactions between factors proximal and distal to the individual. Here, we grouped factors as follows: demographic, health and health risk, functional, interpersonal, and environmental.
Measures
Demographic Factors
Self-reported factors were age (categorized as 50-59, 60-69, 70-79, and 80+ years), sex (male and female), education completed (never been to school, less than primary school, primary school, secondary/high school, and college or more), and employment (working, not working, and retired/too old to work). Household wealth (country-specific quintiles) was derived from household ownership of selected durable goods, dwelling characteristics, and access to services [20] .
Health and Health-Risk Factors
BMI was computed from weight and height measurements and categorized as: underweight (<18.5 kg/m 2 ), normal weight (18.5 to <25 kg/m 2 ), overweight (25 to <30 kg/m 2 ), and obese (≥30 kg/m 2 ) [21] [22] [23] . Self-reported factors were alcohol use (never drunk; drunk in the past; one drink per day or less, on average; and more than one drink per day, on average), smoking and tobacco use (no, less than daily, and daily), number of non-communicable diseases (summed from self-reports of arthritis, stroke, angina, diabetes, chronic lung disease, asthma, hypertension, and cataracts), pain (Over the last 30 days how much of bodily aches or pains did you have? Response options: none, mild, moderate, severe, and extreme), and self-rated health (In general, how would you rate your health today? Response options: very good, good, moderate, bad, and very bad).
Functional Factors
Mobility/dismobility was assessed using a 4 m timed walk. Participants were instructed to walk at their normal walking pace over a flat, straight, obstacle-free surface. Dismobility was defined as a speed of ≤0.6 m/s [24] . Visual acuity was measured using myopic and hyperopic tests with LogMAR charts (Tumbling "E" Chart for 4 m testing and Tumbling "E" Near Vision Card for 40 cm testing. Precision Vision Ltd., 944 First Street, LaSalle, IL 61301, USA). Corrected vision for each eye was tested separately, with the result from the eye with the better vision used for the analysis. The results for distance vision (4 m) and near vision (40 cm) were categorized (mild or no impairment and moderate impairment or greater) using accepted criteria [25] . Verbal learning and memory were assessed using the WHO/UCLA Auditory Verbal Learning Test [26] , for which various scoring options are possible [27] . Over three trials, participants were read the same list of 10 words and asked to recall as many words as they remembered. The mean number of recalled words over the three trials was used for the analysis (words recalled immediately). Participants were then involved in unrelated cognitive and physiological tests for approximately 10 min, before being asked to recall the 10 words again (this time without the list of words being read to them). The difference between the mean number of recalled words over the first three trials and the number of recalled words following the delay was used for the analysis (words lost with delay). That is, if the mean number of words recalled for the first three trials was 9 and the number of words recalled following the delay was 7, then the number of words lost with the delay is 2 (i.e., 9 − 7 = 2). Difficulties with activities of daily living (ADL, 23 activities; e.g., sitting for long periods) and instrumental activities of daily living (IADL, 5 activities; e.g., taking care of household responsibilities) over the last 30 days were assessed using a 5-point Likert scale anchored with none and extreme/cannot do. The mean ADL and IADL scores were used for the analysis. Disability was measured using the screener version (12 items) of the World Health Organization Disability Assessment Schedule 2.0 (WHODAS 2.0) [28, 29] . Simple scoring was used, because it is a more valid method than applying weights to the WHODAS 2.0 items [30] . Scores were transformed to a 100-point scale, where higher values indicate greater disability. Quality of life was assessed using the short, 8-item version of the WHO quality of life scales [31] , with scores transformed to a 100-point scale, where higher values signify greater quality of life.
Interpersonal Factors
Emotional loneliness was measured as a single item (Did you feel lonely for much of the day yesterday? Response options: yes and no). Four questions focused on social participation-How often in the last 12 months have you: (1) had friends over to your home; (2) been in the home of someone who lives in a different neighborhood than you do or had them in your home; (3) socialized with coworkers outside of work; and (4) gotten out of the house/your dwelling to attend social meetings, activities, programs or events or to visit friends and relatives? The response options were never, once or twice per year, once or twice per month, and once or twice per week or more. Marital status was categorized as coupled (married or cohabitating) or uncoupled (separated, divorced, widowed, or never married).
Environmental Factors
Location was classified as urban (an area legally proclaimed as being urban, including towns, cities, and metropolitan areas) or rural (an area not classified as urban). Access to personalized motorized transport (defined as the possession of a car, motorbike, or both modes of transport by anyone in the household) and the presence of a computer in the household (response options: yes and no) were self-reported. Safety on the street after dark (How safe do you feel when walking down your street alone after dark?) and safety when at home (In general, how safe from crime and violence do you feel when you are alone at home?) were both self-reported using a 5-point Likert scale anchored with completely safe and not at all safe.
Physical Activity and Sedentary Behavior
The Global Physical Activity Questionnaire (GPAQ, version 2) was used to measure participation in physical activity and sedentary behavior [32] . The instrument assesses frequency (days in a typical week) and duration (hours and minutes in a typical day) of moderate and vigorous physical activity in each of three domains (work, travel, and recreation), as well as time spent in sedentary behaviors (sitting or reclining) on a typical day. Studies of concurrent validity have shown highly variable correlations between GPAQ scores (e.g., moderate-to-vigorous physical activity and sedentary behavior) and both accelerometer and pedometer data, but stronger associations with scores on the International Physical Activity Questionnaire [33, 34] . Test-retest reliability has generally found to be adequate [33] [34] [35] . A binary variable indicating whether or not participants had met WHO physical activity guidelines (150 min/week or more of moderate-to-vigorous physical activity for adults aged 18-64 years and those aged 65 years and older [36] ) was defined. Sedentary behavior was dichotomized as ≥4 h/day and <4 h/day. Sitting for ≥4 h/day is associated with increased risk of all-cause mortality, except for those engaged in about 50-65 min or more of moderate intensity physical activity (or equivalent) per day [37] .
Analysis
We conducted the analysis using SAS (version 9.4). For each country, we ran separate analyses for physical activity and sedentary behavior. Some of the factors were omitted from the analyses due to large amounts of missing or implausible data: education (South Africa), BMI (Mexico, Russian Federation, and South Africa), mobility (Russian Federation and South Africa), distance and near vision (Mexico and Russian Federation), number of words lost with delay (South Africa), and socializing with coworkers outside of work (South Africa). Multicollinearity was assessed among the variables in each set of factors (demographic, health and health risk, functional, interpersonal, and environmental factors) in a linear regression with time spent sedentary (in minutes) as the outcome. In each country, the scores for IADL, ADL, and disability were highly correlated (variance inflation factor >4). IADL (but neither ADL nor disability) was included in the adjusted models because IADL was more strongly related to both physical activity and sedentary behavior than the other two variables (ADL and disability). No further factors showed strong collinearity. Due to the large number of factors to be investigated, and following an ecological framework, we adopted a three-stage modeling approach as in Solomon et al. [38] . First, univariate logistic regressions were fitted with each independent factor as the sole covariate. Independent factors associated with the outcome variables (p < 0.10) were selected for the next phase of the analysis. The demographic factors were included in all multivariate models. Specifically, age, sex, and employment were always included, along with either or both of education and household wealth (both were retained if both p < 0.10, otherwise the variable with the smaller p value was retained). Second, we ran partially adjusted logistic regressions with each set of factors (e.g., health and health-risk factors) as predictors. Only those variables retained from the first stage of the analyses and the demographics factors were used in this second phase. Third, we performed fully adjusted logistic regressions with each of the factors retained from the second phase. The results for the unadjusted and fully adjusted regressions are reported. Analyses were run on the subsets of adults with complete data on the factors included in the fully adjusted models.
Results
Physical Activity
In the physical activity models, the sample sizes of adults with complete data on factors included in the models were 11,046 for China (84% of SAGE participants aged 50 years and older), 5816 for India (89%), 2045 for Mexico (89%), 3441 for Russian Federation (91%), 2975 for South Africa (86%), and 3752 for Ghana (87%). The percentages of adults meeting physical activity guidelines in each sample varied among the six countries: China (32%), India (41%), Mexico (27%), Russian Federation (48%), South Africa (21%), and Ghana (59%).
The descriptive statistics for adults meeting physical activity guidelines are provided in Table 1 . The odds ratios estimated under unadjusted models including demographic, health and health risk, functional, interpersonal, and environmental factors are shown in Table S1 . The estimates for the fully adjusted models are provided in Table 2 . The description of results focuses predominantly on the fully adjusted models.
Demographic Factors
Across the six countries, age, employment, and household wealth were the variables most consistently associated with meeting physical activity guidelines. The odds of meeting guidelines significantly decreased with age in all countries. Not working and being retired/too old to work were both significantly associated with lower odds of meeting guidelines in five countries (China, India, Mexico, South Africa, and Ghana), with the results for Russian Federation in the same direction. Adults from households in the lowest wealth quartiles were more likely to be meeting guidelines in China, India, South Africa, and Ghana. In Russian Federation, the reverse was found, however, whereby adults from lower income households had lower odds of meeting guidelines.
The relationship between sex and meeting physical activity guidelines was equivocal. Females were more likely to be meeting guidelines in India and Russian Federation, males were more likely to be meeting guidelines in Ghana, and no differences between the sexes were found for China, Mexico, and South Africa.
Education was related to meeting physical activity guidelines in China, India, and Ghana, but the directions of the associations were not consistent across countries. n (%) a n (%) b n (%) a n (%) b n (%) a n (%) b n (%) a n (%) b n (%) a n (%) b n (%) a n (% n (%) a n (%) b n (%) a n (%) b n (%) a n (%) b n (%) a n (%) b n (%) a n (%) b n (%) a n (% n (%) a n (%) b n (%) a n (%) b n (%) a n (%) b n (%) a n (%) b n (%) a n (%) b n (%) a n (% n (%) a n (%) b n (%) a n (%) b n (%) a n (%) b n (%) a n (%) b n (%) a n (%) b n (%) a n (% collapsed (e.g., secondary/high and college or more for India) due to low frequencies. d Factor omitted from the analyses due to large amounts of missing or implausible data. e Range: 0-10 for words recalled immediately (higher scores = higher function) and words lost with delay (higher scores = lower function), 0-5 for instrumental activities of daily living (IADL) and activities of daily living (ADL) (higher scores = lower function), and 0-100 for disability (higher scores = lower function) and quality of life (higher scores = higher function). f Visiting people in different neighborhoods or them coming to visit. 
Health and Health-Risk Factors
Poorer ratings of health were associated with being less likely to be meeting physical activity guidelines in India, Russian Federation, South Africa, and Ghana. In three countries (China, South Africa, and Ghana), people reporting pain had higher odds of meeting guidelines (these results contrast with the unadjusted estimates, where higher pain severity was associated with lower odds of meeting guidelines). Among the countries in which BMI was considered in the analysis (China, India, and Ghana), being overweight or obese (compared with normal weight) was related to lower odds of meeting physical activity guidelines in China and Ghana. Few significant relationships were found for meeting guidelines and alcohol use (China and Russian Federation), smoking and tobacco use (India and South Africa), and number of non-communicable diseases (China).
Functional Factors
Increased difficulties with IADL were associated with lower odds of meeting guidelines in all countries except Russian Federation (for which IADL was not selected for the final model). Other functional factors associated with meeting physical activity guidelines were mobility (China and India), distance vision (China and India), and verbal learning and memory (words recalled immediately; India, South Africa, and Ghana).
Interpersonal Factors
Factors measuring social connectedness were generally associated with increased odds of meeting physical activity guidelines. Adults who more frequently had friends visiting their homes (Mexico and Ghana), were visiting people in different neighborhoods or having them coming to visit (Russian Federation and Ghana), were socializing with coworkers outside of work (China, India, and Ghana), and were engaging in social activities outside of home (China, India, and Russian Federation) were more likely to be meeting guidelines. In contrast, adults visiting people in different neighborhoods or having them come to visit in Mexico were less likely to be meeting guidelines (this result was in the opposite direction to the corresponding univariate estimates, however). Adults who were coupled were more likely to be meeting guidelines (Mexico and Ghana). No significant relationships were found between meeting guidelines and emotional loneliness.
Environmental Factors
Meeting physical activity guidelines was more frequent among older adults living in rural areas in China, India, Russian Federation, and Ghana. Those who perceived themselves to be completely or very safe when home alone had higher odds of meeting guidelines than those who perceived themselves to be moderately safe or slightly safe/not at all safe (India, South Africa, and Ghana). Perceived safety out on the street after dark was associated with meeting guidelines in China and Ghana but the direction of the relationship was inconsistent. Adults reporting the presence of computers in their households were less likely to be meeting guidelines (China, Russian Federation, and Ghana). Meeting guidelines was associated with access to motorized transport only in India and Ghana.
Sedentary Behavior
For the sedentary behavior models, the sample sizes of adults with complete data on factors included in the models were 11,355 for China (86% of SAGE participants aged 50 years and older), 6171 for India (94%), 2052 for Mexico (89%), 3446 for Russian Federation (92%), 3033 for South Africa (88%), and 3900 for Ghana (91%). The percentages of adults sedentary for ≥4 h/day varied between the six samples: China (45%), India (38%), Mexico (21%), Russian Federation (58%), South Africa (37%), and Ghana (43%).
The descriptive statistics for adults sedentary for ≥4 h/day are provided in Table 3 . The odds ratios estimated under unadjusted models including demographic, health and health risk, functional, interpersonal, and environmental factors are shown in Table S2 . The estimates for the fully adjusted models are provided in Table 4 . The description of results focuses predominantly on the fully adjusted models.
Demographic Factors
Across countries, age and employment were the demographic factors most consistently associated with sedentary behavior. Increased age was related to higher odds of ≥4 h/day sedentary behavior in all countries except South Africa (although the association was in the same direction). Not working and being retired/too old to work were associated with higher odds of sedentary behavior compared with working (China, India, South Africa, and Ghana).
In some countries relationships were observed between ≥4 h/day sedentary behavior and sex (India and Mexico, where women were less likely to be sedentary), education (China, Mexico, and Russian Federation), and household wealth (China, India, and South Africa).
Health and Health-Risk Factors
Poorer self-rated health was associated with higher odds of ≥4 h/day sedentary behavior in China, Russian Federation, and Ghana (conversely, and in contrast to their respective univariate results, in India and South Africa, adults with poorer self-rated health had lower odds of ≥4 h/day sedentary behavior). Among the countries in which BMI was considered in the analysis (China, India, and Ghana), higher BMI was related to greater odds of ≥4 h/day sedentary behavior in China and Ghana. Few relationships were found between ≥4 h/day sedentary behavior and alcohol use (India, Russian Federation, and Ghana), smoking and tobacco use (India), and number of non-communicable diseases (China and India). No associations were present between sedentary behavior and pain.
Functional Factors
No functional factors were significantly related to ≥4 h/day sedentary behavior in more than three countries. Adults with dismobility had higher odds of ≥4 h/day sedentary behavior in China, India, and Mexico. Those with increased difficulties with IADL had higher odds of ≥4 h/day sedentary behavior in China, Mexico, and South Africa. Higher quality of life was associated with lower odds of ≥4 h/day sedentary behavior in India, South Africa, and Ghana.
Inconsistent relationships were present between ≥4 h/day sedentary behavior and verbal learning and memory factors (China, Mexico, and South Africa). Vision impairment was associated with higher odds of ≥4 h/day sedentary behavior in China (near vision) and South Africa and Ghana (distance vision).
Interpersonal Factors
People reporting emotional loneliness had higher odds of ≥4 h/day sedentary behavior in Mexico, Russian Federation, and Ghana. More frequent visits from friends was associated with increased odds of ≥4 h/day sedentary behavior for China and Ghana (a different association pattern was observed for South Africa, however, with more frequent visits related to lower odd of sedentary behavior). Increased frequency of visiting people in different neighborhoods or them coming to visit was related to lower odds of ≥4 h/day sedentary behavior for China, India, and Ghana. More frequent socializing with coworkers outside of work was associated with increased odds of ≥4 h/day sedentary behavior for India and Mexico, but lower odds for Russian Federation and Ghana. Increased frequency of social activities outside of home was related to higher odds of spending ≥4 h/day sedentary for China, South Africa, and Ghana. Being uncoupled was associated with slightly higher odds of ≥4 h/day sedentary behavior in China. n (%) a n (%) b n (%) a n (%) b n (%) a n (%) b n (%) a n (%) b n (%) a n (%) b n (%) a n (%) b n (%) a n (%) b n (%) a n (%) b n (%) a n (%) b n (%) a n (%) b n (%) a n (%) b n (%) a n (% n (%) a n (%) b n (%) a n (%) b n (%) a n (%) b n (%) a n (%) b n (%) a n (%) b n (%) a n (%) b
Demographic Factors
Interpersonal Factors (Cont.) n (%) a n (%) b n (%) a n (%) b n (%) a n (%) b n (%) a n (%) b n (%) a n (%) b n (%) a n (% a Distribution of the factors in each country's sample. b Percentages of people sedentary of ≥4 h/day for each factor level. c Education levels for some countries collapsed (e.g., secondary/high and college or more for India) due to low frequencies. d Factor omitted from the analyses due to large amounts of missing or implausible data. e Range: 0-10 for words recalled immediately (higher scores = higher function) and words lost with delay (higher scores = lower function), 0-5 for IADL and ADL (higher scores = lower function), and 0-100 for disability (higher scores = lower function) and quality of life (higher scores = higher function). f Visiting people in different neighborhoods or them coming to visit. 
Environmental Factors
Adults in India and South Africa who perceived themselves to be completely or very safe out on the street after dark had higher odds of ≥4 h/day sedentary behavior than those who perceived themselves to be moderately safe or slightly safe/not at all safe. The reverse was observed for Ghana. Those with access to personal motorized transport had lower odds of ≥4 h/day sedentary behavior in China, India, and Russian Federation, with a nonsignificant association in the same direction for South Africa. People in China and Mexico living in rural areas had lower odds of ≥4 h/day sedentary behavior. No significant associations were present between ≥4 h/day sedentary behavior and either computers in household or safety when home alone.
Discussion
Across the six LMIC, we found fairly consistent and reasonably strong associations (fully adjusted models) between both physical activity and sedentary behavior and demographic factors (age and employment, in particular), self-reported health, IADL, factors relating to socializing, and location of household. Age was the only variable that was related to both physical activity and sedentary behavior in all six countries. Like in previous research [4, 12] , age had an inverse relationship with physical activity and a positive association with sedentary behavior. Some researchers have speculated that this decline in activity with age may have a biological basis (e.g., reduced dopamine release or loss of dopamine receptors with age, affecting areas of the brain relating to motivation for locomotion) in conjunction with psychosocial factors and the physical environment [39] [40] [41] . Across countries, older adults who were working were clearly more active than those who were not working or were retired/too old to work. This finding suggests that the work-related physical activity (e.g., active transport to and from work, and occupation-related physical activity) is not replaced with other activity (e.g., leisure time physical activity) for older adults who have retired or are otherwise not working. The associations between work and sedentary behavior are consistent with the findings of studies from (mainly) high-income countries [12] .
Of the health and health-risk factors, self-rated health was the factor most consistently linked with physical activity and sedentary behavior. Poorer rated health was associated with lower odds of meeting physical activity guidelines and higher odds of sedentary behavior. The prominence of this factor lends itself to at least two possible interpretations. First, self-reported health may have captured aspects of health not identified through the other factors (e.g., undiagnosed non-communicable diseases and health conditions not included in the SAGE dataset). Second, individuals' perceptions of health may matter more than the views of researchers (who decide what health conditions are included in surveys) and health practitioners as to what constitutes good health. Using self-rated health measures in surveys enables participants to prioritize and assess different aspects of their health, which is perhaps a more sensitive way of measuring general health [42] .
The findings pertaining to functional factors serve to re-emphasize the positive relationship between physical function and physical activity. Across all countries, with the exception of Russian Federation, having fewer difficulties with IADL was associated with increased odds of meeting physical activity guidelines, and in three countries (China, Mexico, and South Africa), greater difficulties with IADL was correlated with sedentary behavior. The relationship between activity and function may be bidirectional (i.e., increased physical activity may improve physical function, and higher levels of physical function may increase a person's willingness to be physically active). Evidence from studies with community-dwelling older adults is that increased levels of physical activity are associated with fewer difficulties with basic activities of daily living [43] . Equally, greater physical function promotes increased participation in physical activity [44] .
Taken collectively, the results for interpersonal factors generally show that more frequent social activity is associated with increased odds of meeting physical activity guidelines and decreased likelihood of spending ≥4 h/day sedentary. In general, these findings would seem to broadly reflect the literature, in which an association between social support and physical activity in older adults has been reported [45] . This relationship would appear to be stronger in some circumstances (e.g., when the social support is for physical activity and comes from family members) than others (e.g., when general social support is provided). In our study, the reasons for the relationships were not evident. Plausible explanations include: (a) participating in social activities required active transport to and from the activities; (b) the social activities involved physical activity; and (c) those who were more physically active may have been more willing and able to attend the social activities.
Of the environmental factors, where an older adult lived (urban versus rural) had the most consistent relationship with physical activity and sedentary behavior. Adults in rural areas were generally more likely to be meeting physical activity guidelines and less likely to be spending ≥4 h/day sedentary. These results confirm previous findings linking urbanization with lower physical activity and greater sedentary behavior [5, 7] .
Much higher levels of physical inactivity (not meeting physical activity guidelines) were found in the SAGE data than in a previous study of 51 mainly LMIC included in the World Health Survey (2001) [3] . In this World Health Survey study and our study, findings can be compared for people aged 60-69 years. For this age group, the levels of inactivity (the inverse of the findings for meeting physical activity guidelines in Table 1 ) were higher in our study with SAGE data (China, 68%; India, 62%; Mexico, 68%; Russian Federation, 50%; South Africa, 84%; Ghana, 38%) than in the World Health Survey (22% for men and 29% for women). The researchers using World Health Survey study data recognized the prevalence of physical inactivity among people in this survey was substantially lower than in comparable studies, and suggested instrumentation and the seasons in which data were collected may have influenced results. The results from SAGE data are consistent with evidence from a systematic review that between 20% and 60% of older adults (aged 60 and over) have typically been found to meet physical activity guidelines (i.e., between 40% and 80% are physically inactive) [46] .
A small number of associations seemed counterintuitive. Notably, in the fully adjusted models of three countries, people with more severe pain had higher odds of meeting physical activity guidelines. The direction of this relationship was opposite to that found in the unadjusted models. Overadjustment or misspecification of the models may explain these unexpected findings.
This study has several limitations. First, although physical activity questionnaires enable the timely and cost-effective gathering of data in large epidemiological studies, the limitations of such measures are well known [47, 48] . Pertinent to our study is the appropriateness of the GPAQ for research with older adults from several LMIC. There is evidence that older adults sometimes find questions on physical activity and sedentary behavior difficult to understand, often resulting in misreporting (overreporting more commonly than underreporting) of activity levels [49] . Such issues may also affect younger adults. The implications of these biases are that some older adults in our study may have been miscategorized (e.g., classified as meeting physical activity guidelines when they, in actuality, performed insufficient moderate and vigorous physical activity to meet the threshold). Such misclassification bias may have attenuated some of the estimated associations. In addition, although the GPAQ has been evaluated and used in many developed and developing countries [33, 50] , the potential remains for the differences observed between countries to be an artifact of differences between various translations of the GPAQ and how questions were asked, interpreted, and answered. Second, the SAGE survey involved a long interview that might have affected the accuracy of responses, especially in older adults who are frail. Third, this study had a cross-sectional design, meaning that temporality between the variables cannot be established. Fourth, the response rates for Mexico were much lower than for the other five countries, potentially underrepresenting some subpopulations for this country. The lower response rates for Mexico have been attributed to the short time available for fieldwork (data were collected from 2009 to 2010 and multiple visits to respondents' homes were not made if they were not at home during the initial visit) and a high level of attrition from Wave 0 [14] . Wave 0 in SAGE refers to data collected from the six countries during the 2002/2004 World Health Survey. Even with these limitations, to our knowledge this is the first study to report on the correlates of physical activity and sedentary behavior for representative samples of older adults in several LMIC.
Conclusions
The central finding from our work is that physical activity and sedentary behavior were fairly consistently related to several demographic factors (age and employment, in particular), self-reported health, IADL, factors relating to socializing, and location of household. Our findings may be useful in targeting interventions towards those who are most likely to be physically inactive. Thought needs to be given to developing interventions that target adults with specific characteristics (e.g., those who are older) and to do so using methods that are sensitive to the resource constraints of LMIC. Further research is necessary to understand how these factors may interact and which of them may be modifiable determinants. We expect that analysis of data from the next two waves of SAGE (when they become available) will yield valuable information in this respect. In the design of future projects, strong consideration should be given to using objective measures of physical activity and sedentary behavior. The use of such measures would strengthen research findings.
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